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THE PROBLEM OF TIRE SIZES FOR AIRPLANE WHEELS*

By Franz Michael
INTRODUCTION

Several years ago the development of high~pressure
tires seemed to have reached the stage where internstional
standardization of airplane tires and wheels was about to
be achieved. Now the sudden change to balloon or low-pres-
sure tires, brought about by the American experiments with
low-pressure tires, has brought tunis development to a full
stop. Efforts at a tentative international staundard for
wheel hubs are under way, to facllitate an exchange of
wheels. But any attempt at standardization of wheels shounld
begin with the tires, because, after all, the shape of the
tire is of decisive importance for the design of wheels,

brakes and wheel hubs.

For that reagson it seems extremely timely to raise the
question of best tire sizes for airplane wheels. Specifi-
cally, it is appropriate to obtain to a compreheansive sur-
vey of the influence of different size tires on its quali-
ties in order to be better able to pass upon any proposed

new designs.

At the present time every country is engaged in de-
signing new tire series which, after all differ dut 1ittle

from each other in many respects.

On the basis of experiments and theoretical considera-
tions a proposal is made for a standard tire series for air-
plane wheels, without regard to existing standards. It is
only with an ideal classification, as it were, that a com-
varison with the already existing standard proposals has

any proper meaning.

* WZur Frage der Abmessungen von Luftreifen flir Flugzeuglau-
frider." 2. F. M., July 14, 1932, pp. 377-390.
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THOTATION -
énéfgy absorption of tire loaded to
arbitrary deflection A.

energy absorption of tire loaded to
deflection Kg.

energy absorption of a shock absorption
system loaded to maximum elastic travel

. s
€,

width of tire, i.e. diameter of tire cross
section. ’

width of brake drum.
outsgide diameter of tire.
diagmeter of brake drum._

ground pressure area of tlre under arbitrarily
agsumed wheel load; i.e. area of contact of
tire by which the bearing pressure is
transmitted to a level supvorting surface.

area of contact of tire approx1mated as
ellipse.

area of contact of tire when tlre deflectlon

A= g

braking surface of wheel brake, i.e. total
area of brake bands.

elastic travel of tire under arbitrary per-
pendicular loading of wheel axis.

maximum travel possible by air shock ahbsorp-
tion, i.e., deflection of tire to the rim.

elastic travel under load, i.e. travel under
static tire load as result of airplane
wveight.
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f.f. £, , (cm) corresponding travel of shock absorber,
= S | . = - d.e. landing gear shock absorption ad—-
ditive to that of tire.

h, (cm) * height of obstacle.,
k R : .
N, : (_E_Ea)- specific braking power of brake bands of
. s cm :
wheel brake. -
P- . L - .
n= fé : safe impact factor of tire, i.e. quotient
r . of %ire loading when A = A_ and wheel
load (M =A.). ©
P,. (kg) - tire loading.
Prs (kg) maximum permissible static load on tire
due to gross weight of airplane.
Pg, (kg) mnmaximum loading of tire, i.e. when A= Kg.
PPy Py s (kg) corresponding forces of the shock absorber.
1 Sa
Py (kg) “braking action, i.e. force of deceleration
transmitted to airplane with complete
braking of wheel.
P, (atm.) alr pressure of air-inflated tire under
arbitrary deflection A.
Py (atm.) inflation pressure, also air pressure by
A = 0.
Pr Do+ (atm.) absolute pressures (p = p + 1).
Ap = » - py, (atm.) rise of air pressure under loading of
' ‘tire with arbitrary wheel losds,
u = E% ) . coefficient for defining area of contact
approximated as ellipse.,
u . . _ ) o
Vv = N TTCToToR s form coefficient defining the lozd ab-
e - 0.03 . : .
_ sorption.
v, (m/s) rate of rolling of airplane at start of

first full brzlke actlon of a Dbraked
1and1ng.
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& . - degree of utilization of brake drum area with

: - ' given brake bvand arraugement.
bp : : .v

€ = ==, relative width of brake drum.

Do : T o

¢, . . correction factor. for sidewall stiffness of
tire to define the load abscrpticn from area
of contact and air pressure in tire.

N, ratio of available to maximum energy of shock
absorption diagram.

K, coefficient for defining rise of air pressure in
tire.

A= T, . tire deflection duve to arbitrary tire loading P.
o .
fr T .- e - +l )

A= - tire deflection due to static loading FP..

r ¥
£ . . R :
= = : e ) A .
A 7?, maximum possible tire deflection
8 o .

Ke’ tire deflection, at which the actval area of
contact equals the contact ares approximated
as ellipse.

P = Q% s form ratio of a tire.

ELASTIC QUALITIES OF TIRES FOR AIRPLANE WHEELS

The tire of an airplane wheel represents an a2ir cush-.
ion within a rubberized fabric casing. The inherent stiff-
ness of the rubber casing, compared with that of the custom-
ary automobile tire of similar size, is very low. Conse- _
guently it should be possibdle in simple fashion to determine
ti:e load absorption of an airplane tire of any size with

sufficient accuracy by calculation from the given data on
air voluvume and 1nf1at10n pressure (initial air pressure in
inner tube). :

As basis ‘hereto, various load test series were to be
used. Proceeding from earlier experimental results we in-
troduce the following quantities as typical values of an
airplane tire, that is, as independent variables:
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Tire width b, as criterion of tire size and of elastic
' : . . . travel of tire.

Form ratio =-_%q~ as criterion of the type of design.

Inflation preSsuré_ Po> as criterion of the change in
elastic properties (load ab-
sorption for given tire size)

At the same time we express the elastic travel of the

wheel axis relative to a load as the ratio A= %3 =

elastic trafel :
, nd call it
t tire width & &

"tire deflection."

We began with loading experiments on a level supcort-
ing surface, static in the compression press and dynamic
in the drop hammer. .- :

1. LOADING TESTS TO DETERKINE THE LOAD
ABSORPTION ON A LEVEL SUPPORTING SURFACE

Test Procedure

In order t0 gain an insight into the behavior of dif-
ferent tires it was necessary to make these tests with spe~
cial tires of widely varying form ratio: We had at our
disposal several tires with flat base rim of a German stan-
.dard series and two American low-pressure tires of the
Goodyear Tire .and Rubber Company, whose hubs also conformed
in design to the flat base rims of the high~pressure wheels.

TABLE I. EXAMIMED AIRFLAME TIRES

For - . . ’ )
Tire sizes _ﬁomi:al Dimensions . dpplied inflgyion -
mm sizes D X b mm ® .prgssure Py in atme.
22 X 10 - 4| 2.2 - 565 X 250 | 2.26 | 0.5; 1; 1.5; 2
30 X 13 - 6| 2.31 755 X 328 | 2.3 0.5; 0.75; 1; 1.5;
’ > - i B AR I P .

. (1,300 x 300 | 4.33 1,270 X 318 | 4.0 1; 3; 4; 5 2
% .'1,100 X 220 | 5.0 1,115 X 225 | 4.95 ] 1; 3; 4; 5 _ 4
% 810 x 1251 6.48 800 X 126 | 6.35 | 1; 2; 3; &; 5 hE

””WL,76O X 100.{ 7.6 749 X 99 7 .57 2; 3; 4 oY

mm X .03937 = inches
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[0)]

The table contains the anominal as well as the actual
sizes defined by applying the usual inflation pressures,
and the inflation pressures themselves. Accordiangly the
farm ratio is given with respect to the nominal and to the
actual sizes. For all subsequent purposes only the actual
tire sizes are used as basis. Coanformably to the appended
inflation pressures the experiments were extended to un-
tsually high pressures on the low-pressure tire and to low
pressures on the high-pressure tire.

he loadings were arpplied as static lcads with differ-
ent inflation pressures uwp to touching of the rim, in addi-
tion to drop tests in the DVL 3-ton drop hammer, from dif-
ferent Lieights and with a given inflation pressure. The
drop weights were so chosen that, on impact, the tire prac-
tically deflected to0 the rim.

Area of comntact with the supporting surface, air pres-~
sure in tire, load on wheel and elastic travel were defined
in the static. tests. Owing to the subordinate role of the
stiffness of the thin protector of tue airglane tires, the
data on the area of contact, obtained by imprint of the
blackened tire on chalk-covered paper, were of great impor-
tance.  In the strict sense of the word these contact areas
are valid only for loading on a level, iard, and compara-
tively smooth surface. The rate of loading was approxima-
tely one minute per stage. From the measured elastic trav-
el the tire deflection A relative to the actual tire width
was then determined. The Gynamic tests were intended to
suprly & dynamic diagram comparable to the static shoclk ab-
gorption diagram, so as to afford the perceantage deviations
between both types of loading. In this manner the dynamic
qualities of the tire are readily estimated from a very eas
ily determinable static diagram by corresponding perceantaged
additions. '

. The. drop-hanmer test yielded shock force and elastic
travel with respect to time, height of drop and rebound,
and, in several cases, the number of bounceés up %o complete
rest position of hammer,

Results of Tests

~In Figure 1 the area of contact has been plotted
against tire deflection A for all tires. It rises lin-
early for all tires up to about AN = 0.5, ‘adove it, tae
tires with small form-'ratio ¢ lag behind relative "to the

A
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straight rise, whereas the tire with large form ratio, as
the 760 X 100 size. for. example, malntalns thls stra1ght
rise untll it almOSt rldes on the rlm.' .

The'rlse of the air pressure: in the tire is most read-
ily portrayed by plotting the ratio. of pressure r1se Ap
to absolute inflation pressure _§0 1n logarithmic scale
against deflection A. (Figs. 2, 3, and 4,) It is. seen

that the curves (aslde from a few values, especially by
small deflection) are fairly straight, so that represeata-
tion by simple exponential function is admissible. As con-
cerns the dependence on the chosen inflation pressure it-

self, it was foundithat the ‘ratio Ap deviates somewaat

stronger at .very low air::pressure, Whereas the . test points,
at higher air pressure in the tire, are practlcallv coinci-
dent in one single curve. It is noteworthy that here also
the balloon tire fits perfectly among the other tires.

_ Some of the load absorptlon curves of the static tests
are reproduced in Figures 5, and 6. They manifest the well-
known slightly curved aspect. Below these curves is the cor-
responding a1r pressure in the tires. The damping obtained
“lost _energy
absorbed energy

under statlc load, defined as the ratio of

during one load cycle averaged

9 per cent for the high-pressure tires, and
12 v " " low—pressure tires.

The curves’ for the other tlres, being similar, were
omluted '

The dynanic tests yielded the f0110w1ng. .Even a drop
test from very low height already reveals a. greater (al-
.though not appreciable) energy absorption than in the stat-
ic test. Increasing the height of drop and chosing the
weight such as to approximately use up (to about X\ 0.7)

the maximum elastic travel of the tire available durlng the
. test results in a very unessential change in the load-=trav-

el curve previously recorded for low height of drop, so

- lTongas the particular height up to 1 m, or 4.5 n/s shock

‘rate; is not exceeded. Figure 7 shows the load absorption
of the BU'X 12 (762 X 230) Anmerican tire in drop hammer
test at dlfferent shock rates plotteu abalnst the elastic
travel: = " R S
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DATA OF DROP TEST

Figure | Height of Inflation Pressure Po = 1.25 atm.
7  drop Weight of hammer |Rate of drop-when
' 3 . - _hittving
A 0 cm 2,217 kg . 0 m/s
X 16.3 i 1,343 M ~1l.8 1
4 | 49.7 v 734 M ~3.1
0 68.2 " 565 1 ~3.7
aQ 8g.4 " 480 " - ~4.2 W
Height of | ' Inflation Pressure Py = 0.5 atm,
drop . Weight of hammer Rate of drop when
' hitting
A 0 c¢n ' 1,308 kg 0 m/s
e 15.4 " . | . 710 1.7
® 44.3 M 430 M 3.0 .M

em X .3937 = in. kg X 2.20482 = 1b. m/s X 3.28083 = ft./sec.

We only show the curves of the static loading and
those of the drop test from maximum height, and a few se-
lected data from the intermediate tests. It is seen that
within range of the employed shock rates, the load-travel
curves SnOw a discrepancy only under small deflections,
that is, they approach-in this range at small shock rates,
the load-travel curve of the static test. The other tires
showed the same behavior, hence réprodﬁction of the curves
is superfluous. The absorption of force under dynamic load-
ing at shock rates uwp to 4.5 m/s was from 6 to 15 per cent
higher than under static loading, wherein the low figures
are for the high-pressure tire and the high figures for the
low-pressure tire with very low inflation pressure. The
discrepancy between the dynamic and the static damping is
minor, although it is ordinarily a little higher in the dy-
namic test. As concerns the shock figures, the 810 X 125
and the 30" X 13" (762 X 330) tire for example yielded the
figures appended in Table II.
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TABLE IL. NUWLBER OF DROFS

Height ralling Inflation Number of
Tire:- of drop | weight pressure adro
\rops

. cm kg atm,
10.1 © 660 3.0 16

810 X 125 | I §
: . 14.7 565 _ 4,0 20
15.6 _ 710 ' 0.5 14
30" x 13t 14.0 | 928 0.75 17
(762X330) 16.7 1,503 1.5 23

The quoted figures are merely intended as an approxi-
mate picture for the two tires under approximately identical
test conditions. A more searching investigation within the
scope of this report is superfluous because the influence
of the principal dimensions of the tire on the damping was
found to be inferior. Another fact to be remembered is
that the dynamic tests had to be limited to the nonrolling
wheel, so that the plotted curves of the dynamic tests have
a more theoretical aspect. At the same time, no conclusions
should be drawn from the damping obtained by the static test
about the damping by rolling wheel.

2. DEFINITION OF POWER ABSORBED

The loading experiments revealed, as anticipated, that
by selection of correct reference quantities, even the low-
pressure tires that differ so much in shape and ‘inflation
pressure, align themselves consistently in their behavior
into the series of the other tires. Consequently it 1is
Justified to deduce an approximation formula for computing
the load absorption of any tire based upon the experimental
results of the preceding chapter. .To define the elastic
properties of "aAR¥ ti¥é thsé "data for the static load ‘absorp-
tion suffice for practical cases. .With this information
the other values are readily estimated on the basis of the
test data for ordinary airplane tires. '
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a) Development of aApproximation
Formula for Load Absorption

The pertinent test data necessary nereto are:

1. The increase in contact area must be suff1c1ently
proportionate to the tire deflection.

2. The rise of air pressure in the tire must be
sufficiently proportionate to the product of
absolute inflation pressure and square of tire
deflection.

3. The product of contact area and air pressure by
given deflection must obtain to a sufficiently
accurate conclusion of the static vertical
loading on the tire.

We begin with the contact area-dependent on the tire
deflection. Instead of the actual contact area, we deter-
mine the area of tﬂe appr011nated ellipse as shown in Fig-
ure 8. : :

Assuming a certain deflection A < 0.5, and with the
fact in mind that

o' |t

P an T

we Obtain

Fo=m A Y (g~ AN (1-2)

This approximation of area of coatact by aan ellipse
is very crude for a large range of the deflection. Ian fact,
it loses all practlcal significance as approximation when
A >0.5., 3But there is one deflection he for each tire
size, at which the area of ellipse F, -eqguals tae actual
contact area F, and to define it we determine the area of
ellipse F, for deflection A= 0.4 to A = G.65.

To facilitate the calculation of the ellipse we put

. _ 2
. ."E"e =1u b

and plotted the value

u =7 NP = A) (1 - )
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in Figure 9 against the form ratioc @ for different values

: “»of -tire-deflection. K

The curves for Fe obtained on the basis of Figure 9
are shown in Figure 1. Then the actual contact areas were
approximated by straight lines ond it was found that these
lines could be satisfactorily combined into one group by a

,slight zero point displacement for A = 0.03.

The intersection of the F, with the F curve re-
veals deflection A,, i.e., that at waich F equals P
the contact area of the ellipse. Thus Figure 1 yields for
the actual area of coantact the following equation:

w1th FQ = u b° substituted for A = Ne and F = 0 for

K A<0.0%, -

And together with the terms that depend only on K
and thus on @, the contact area finally becomes . .

F=v(k~ooz)b

wherein the form coefficient

was defined by experlment and plotted in Figure 10 against
form ratio @

Now we examine the rise in air pressure. In Figvres 2
to 4 the curves for the pressure riSe, that is, the ratio

AB have been replaced by stralght llnes the straight lines

Po
of the approxlmatlon fairly representing the usual pressures

for the respective tire. This yields as approx1mat10n for
the pressure rise the equatlon

o e s "“"'WAE_""":““”K"”)\'.'?" .
Do
' . Ap
The factor K denotes the pressure ratio -~ for
ideal deflection AN = 1. Figure 11'sh0wsﬂtheseckvva1ues
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plotted against form ratio "p . It results in a curve with
pronounced rise as ¢ diminishes. One feature. of the dia-
gram 1s the marked rise of the air pressure in the low-
pressure tires,one of the ehief arguments advanced in their
favor., IR -

The air pressure at any deflection is:
P = Py + Do KA?

and the load absorption is approximately correct at

P={p ¥
with { = correction factor for the influence of stiffness
of the tire walls. With- zero stiffness, ¢ =1, i.e., the

contact pressure would be evenly distributed across the
whole contact area and would exactly correspond to the air
pressure at every point.

But in reality, there is a certain stiffiness, which by
Yow alr pressure especlally is anticipative of greater load
absorption than corresponds to the product air pressure X
area of contact. It is seen that within ambit of the pres-
ent approximation it suffices to show the correction factor
{ solely as function of the air pressure in the tire. For
the discrepancies in stiffness from the point of view of
chosen tire wall thicknesses are, after all, not very es-
sential in a change from high to low pressure type. Sev-
eral experimentally defined { are shown in Figure 12,
plotted against the inflation pressure. To define these
values we substituted the measured values for different de-
flections in place of load absorption, contact area and air
pressure, and formed an average value of { fer each load-
ing experinent. The thus obtained { values were traced in
Figure 12 and approximated by a curve. It is seen that for
pressures above 3 atm. the discrepancy of the load assump-
tion from the product p F 1is only a few per cent and
wnolly within the order of magnitude of measuring accuracy.
At pressures between 0.5 and 1 atm. on the other hand,
the discrepancy already ranges between 10 to 20 per cent.
For py, =0, { mast = ®, because of the existence of load
absorption due to tire stiffmness, despite the absence of
inner negative pressure.

At last the final approximation formula for load ab-
sorption reads ' '

P = (Vb (p, + Sok k) (M~ 0.03)
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wherein

'f(pé) to bo'tARéhﬂfroﬁ Figﬁ:é'lz
vV = £(9) v owm o oo . 10

kK = £(9P) " Moo i R (R Ii

'x

An illustrative exanmple of load absorption computed
accordlng to this formula 1s_afforded 1ﬁ Figure 13, which
was carried out on a 1, 100- X 220 tlre, on ‘the basis 'of the
nominal sizes ‘and of the perm1551ble maximum deviations for
digreter and tire- w1dtn conformably to the German tentative
standard DIN L19. We included two other curves from two
different 1,100 X 220 tires for comparison. The hatdhed
zone corresponds to the change in load absormtion already
possible by admissible dimensional deviations. Of course,
this zone becomes smaller if the absolute elastic travel is
cnosen as abSC1ssa 1nstead 0of the deflection.

- Ia order %o facilitate the determination of the eanergy
absorption of any given tire the approximation formula is
graphically shown in Figure 14. It yields the static tire
loading for any deflection )\ by given form ratio ©® , in-

‘ flation pressure py, aud tire width b, so that the de-
sired load absorption curve Dby eventual interpolation for
intermediate inflation pressure can be forthwith plotted.

| b)  Limits of Approhlmatlon Formula
I o . ~ for Absorpt1on of Energy

Bec use of the prooortlonallty between area of contact
and deflection throughout the entire range up to maximum
deflection | Kg stipulated in the development of the ap-
-proximation formula, the latter indicates unduly hlgH val-
ues for the tire load in vicinity of A= Ng, especielly
for tires with small form ratio ¢, a fact which must be-

I kept in mind when determining the possible total energy ab-
. .. . sorption of the tires.
; TP e PO .

The extent of the influence of the admissible devia-
tions of tires from the nominal sizes on the amount of load
absorption is readily wmanifested by the calcula ted curves
of Figure 13. Sesides tuese dev1at10ns in size there ‘is
‘the influence of the' tiré form' itself, as, for example, the

T T
)
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amount of rim diameter with given tire diameter. The di-
rect influence of a larger rim diameter on the load absorp-
tion should not be very great. The absorption curve would
gsimply be bounded by a lower maximum deflection )\g' On
the other hand, it should be remembered that a change in
rim digmeter is now and then bound up witih a material
change in available total air volume. To be sure, one will
strive to maintain a sufficient air volume by appropriate
design of rim base, as in the case of "streamline tires."

In any case, the application of the approximation formula
to tires with markedly deviating rim shape should be accom-
panied by a check on whether the area of the tire inmner
cross section (section of cylindrical air volume) referred
to tire width 1 is in approximate agreement with the cross-
sectional area of the examined conventional tires with flat-
base rim. Since the amount of air volume is decisive for
the rise in air pressure, marked deviations Dy moderste
changes in rim shape are not anticipated except with tires
of very low inflation pressure, where the rise in air pres-
sure exerts a marked effect on the absorption of eanergy.

As to the stiffness, no serious divergence from the computed
energy absorption curve is expected, unless the tire has es-
sentially stiffer walls, such as an especially heavy protec
tive casing, for instance.

3. RISE IV VWEEEL FORCE WHEN ROLLING OVER AN OBSTACLE

One decisive advantage of the low~-pressure tire is its
excellent rolling qgualities on uneven ground. Now it be-
comes especilally important to determine what definite quan-
tities of the airplane tires primarily influence these roll-
ing characteristics. Such an investigation really should bhe
"made on predicated assumptions of landing gear arrangement,
mass distribution etc., although a few elementary experi-
ments svffice to give a gqualitative picture of the condi-
tions. Assume the airplane, fully loaded, rolls over per-
fectly level ground. Then the waeel center movesg at con-
stant distance from the ground, corresponding to tire de-
flection A; force of tire and load on wheel are in equi-
librium. ©Now a roll over a small obstacle upsets this equi-
librium, in sofar as the wheel force, due to the changed
contact area and tire deformation increases because of the
obstacle, The result of this incrcase is a fluctuation of
the airplane mass depending on the softness of the tire and
on the shock absorber. ¥Next assume that the airplane does
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not diverge when passing over the obstacle. Then tire force

~...of the wheel increases, but only as affected by the tire
"size,; which is a specific property of the tire. There is

no doubt but that that tire is the best which shows the
smallest increase in force 1n such a test, beceuse -then no
marked disturbance in rolling eqL111br1um of the frce roll-
ing airplane ‘is .to be expected. '

~In order to -simplify the exper1ment we statlcc*IV'
tested the airplane wheel with different obstacle settings
up t0 Ap = 0.3 relative to level supporting surface, in-
stead of measuring the force with rolling wheel. (Loading

- period about 2 mlnutes.) As obstacle we used two.round
-pieces of timber 20 and 40 mm high. Figure 15 shows the

two tires, 810 X 125 and 30" X 13" (762 X 330) in the large
obstacle test; Figure 16, dlvers areas. of contact of the
same tires at dlfferent settings of the large obstacle.

In thls obstacle test we defined the ratio of the

wheel force:with obstacle ' (P) and without obstacle (Pg)
.for the same load deflection 'Kr, as illusitrated in Figures

17 and 18. . :The experiments revealed.that the maximum ia-
crease does .mot lie in the center. In tnese static tests
the wheel force imcrement is symmetrical to the center set-
ting of the obstacle, whereas a certain unsymmetry is to be
expected in an actually rq}ling_wheel.:.According to Figure
17, the increase in wheel force is mot great with small ob-
stacles, although it amounts to 15 per cent for the 750 X
100 and the 810 X 125 tires. '

‘With the 40 um obstacle the ﬁlscrepanc1ev between the

individual tires however, became apprec1:ole. The tire
with the smallest increase was the 1,300 X 300 one at
p = atm., followed by the 30" X 13" (7352 X 3?0) low-pres-—
sure tire with almost the :same increase. As the tire width
diminishes the rise in wheel force becomes ma:kedlv greater
and reaches more than 50 per cent for the 780 X 100 tire -
with 3 to 4 atm. inflation pressure. . A test with t. - same
tire but inflated to 1 atm. even revealed a rise of over 60
per cent, which probably is due to the already guite high
tire stiffness compared to the low inflation pressure.

~One notable feature is ‘the fact that the absolute
amount of inflation pressure "has no de01s1ve 51gﬂ1f1cance,
but rather that: it is- 1arge1y a matter of the.ratio:of- =
helght of obstacle: h' to tire’ width'’ b.q.In order to br1nb
this out more.clearly, Figure 19° shows the maximum increase
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in wheel force versus the % ‘ratio for both obstacles and

all tires. According to the diagram the % ratio surpasses
all other influences to such an extent that the -—2X val-
_ . o

nes could be approximated-ﬁy a curve, notwithstanding the
- difference of the tested tires in design, air pressure, etc.

The conclusioans to be drawn therefrom are: PFirst, de-
cide on the necessary minirum elastic travel of the tire
for a specific unfavorable ground to iansure acceptable roll-
ing over small obstacles. Then the only siganificance of the
inflation pressure is to insure a fitting coordination of
the tire to the static wheel load for a givean elastic travel
(tire width) and a chosen form ratio ¢ (tire diameter).
Since in small airplanes it is impogsible to obtain large
elastic travel, except by low inflation pressure, it forth-
with follows that low-pressure tires should be used for
small airplanes. To insure identically good gqualities for
large airplanes, on the other hand, does not necessitate
such low inflation pressures. Rather the same good results
can be achieved with higher pressures, when providing that
the tire width is sufficiently large with respect to the
size of the obstacle. :

4., PORTION OF TIRE ON SHOCK ABSORPTION OF AIRPLANE

In order to obtain a summary of the part played by the
tire in the total shock absorptioan thus far, we show in Fig-
ure 20 the total elastic travel, tire travel, and lastly
the elastic travel of the shock absorbers of various air-
planes with orthodox landing gears plotted against the wheel
load. The figures present averages for high-pressure tires.

Whereas the scattering of the elastic travel of the
tire with the given coordination of a certain tire to the
gross weight of the airplane is small, that for the elastic
travel of the shock absorber is appreciable, since the lat-
ter is especially chosen by the designer according to air-
plane performance.

Aside from the elastic travel, which already reveals a
definite picture of the share of the tire on the total shock
" absorption, the portion of the tire on-the energy absorp-
tiveness of the total absorption of shock is likewise of
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parficulér interest. This portlon is chiefly dependent on
the character of the employed shock” absorption mechanism.

" The energy'abSOfptidn'of”any shock absorber can be de-
fined by the introduction of a ftatio m, of the shock ab-
sorption diagram, that shows the ratio of the total avail-
able energy of the completely extended shock absorber to
the maximum possible energy: maximum load X maximum elas-
tic travel. An approximation of the tire portion on the
total shock absorption is the following:

A ~
Ag + Agl 1+ Mafe,
n f,

This 1s on the assumption tiat the tire reaches its
maximum travel at the same time as the shock absorber does.
In these considerations the relative travel between wheel
and airplane mass in direction of the wheel load is always
to be used as basis of the elastic travel of the shock ab-
sorber. In the event of any appreciable trensmission -
mostly varying with the elastic travel - between the travel
of the axis and that of the shock-absorber struts, the elas-

‘tic diagram of the shock absorber must bé ex trapolated to

the wheel center. This is of particular importance when de-
fining m . '

Figure 21 shows the values for the energy absorption
quota determined on the basis of the middle curves of Fig-
ure 20 and a mean M = 0.41 for airplane tires; m varied
between 0.36 and 0.45 in the experiments. It is manifest
from Figures 20 and 21 that .the guota of the tire on the
total elastic travel as on the total energy absorption de-
creases as the wheel loa2d diminishes with the conventional
high-pressure tires. So the application of small elastic
travel on small airplanes is justified when taking into ac-
count the landing impact only and when assuming, at thae
same time, that the small airplane has a lower landing
speed. This, however, is not always the case. Besides,
when considering the shape of the ground during rolling of
the airplane independent of the airplane size, and vwhich
every airplane must pass-~over, the reduction of elastlc
travel in small aircraft leads to inferior rolllng charac-
teristics. Thus the study of the tire quota on the total
shock absorption again reveals the urbent neces51ty for im-
proved small tires by iancreased eldstic travel,; a need
which d0es not exist so far as the large tires are concerned.
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The whole analysis of the elastic properties therefore
makes 1t appear desirable to establish.a tire series, be-
ginning with small wheels with low-pressure tires and ap-
proximately terminating with increasing wheel size in the
high-pressure tire series. B

FACTORS AFFECTING TIRE DIMENSIONS

Before proposing a standard series of tires for air-
plane wheels, based mainly on the information in the pre-
ceding chapters, we touch upon several problems, which like-
wise exert some ianfluence on the size of the tire. TForemost
among these is the resistance to rolling.

1. GROUND PRESSURE AND RESISTANCE

The development of the low-pressure tires resulted in
markedly lower inflation pressures and through it, in ground
pressure, which can be put as being about equal to the in-
flation pressure. HNow the question arises whether such ex-
tended drop in inflation pressure with respect to the roll-
ing resistance becomes of such decisive importance, that
the choice of inflation pressure is not amenable to satis-
factory definition from the points of view advanced in the
preceding chapter.

Besides, in the problem of rolling resistance of an
airplane tire, we must differential between a number of fun-
damentally different cases: On very hard, level ground
(concrete taxiway for instance) the kneading losses of the
‘tire are decisive for the rolling resistance. High infla--
tion pressure and large diameter are necessary to lower the
resistance. TFrom this point of view the high-pressure tire
is superior to the low-preéssure type.

On very Hard, but humpy ground (hard frozem ground
with surface very rough) the conclusions as to rolling re-
sistance are similar as for the load absorption when roll-
ing over an obstacle. (Page 1l4.) The rolling resistance
is cut down by a tire of great width. The only relative
importance of the inflation pressure is to coordinate a
tire with a definite maximum elastic travel to a given wheel
load. The ground pressure as absolute value 1s secondary.
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The more the tife.giveé,“thé smaller the tire diameter may
be. -

On very soft ground the:rolling resistance is not oaly
dependent on-the tire characteristics; on the contrary,
there is an added resistance .due to .sinking even if the
ground is perfectly level. .IA this case the inflation pres-
sure, that is, the ground pressure, is of absolute impor-
tance. - o

The extremely low inflation pressures as alread" em~
ployed for small low-pressure tires, still insure safe roll—
ing on very soft, sumpy or sandy ground. But tnese ceses
mist be looked upon as out of the ordinary, because on nor-
mal airports. and emergency landing fields, the exzperiences
of many years with the convenbtional-tires have-showyn that
inflation pressures, i.e., ground pressures as high as 3 to
4 atm. are permissible with appropriate tire dimensions.

From the experiences at hand the following conclusions
as-to choice of tire dimensions can: be dravu. The smallest
possible tires are desirable. Reduction of the hitherto .
large diameter of high-pressure tires =must be absolutely
accompanied by lower inflation pressure, so0o as not to in-
crease the rolling resistznce on normal landing field
ground. The bounds within which to proceed are the old
type high-pressure tires on one hand, and the attested Good-
year low-pressure tires with low inflation pressure and
small diameter on. the other,

As to the air resistance, it is pointed out tha. com-
parative flight tests with the nonstreamlined wheels
30" X 13" (762 X 330) 1low pressure and the 810 X 125 high
pressure which have about the same wheel load, were slightly
in favor of the high-pressure tires. Besides, it should be
remewbered that with well sgtereamlined landing wheels the re-
sistance of the high-pressure tired wheel is apprreciably
less. The development of fast airplanes therciore nales en-
tirely new demands on wheel design and tires, so that for
the present at -least, it is impossible to predict wiat the
final shape of tires actually will be for high speed air-
craft. 3But at the same time it is very. appropriate to ana-

-lyze the experiences gained up to now with high and low

pressure tires, and to set up, if at all possible, one sta
dard tire series in order to remove the confusion ex1st1n'
among the users of airplane tires.. . . - . .. -
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2. WHEEL LOAD AND LOAD DEFLECTION

The coordination of the static wheel load ‘to any par-
tlcular size tire is best  accomplished by using the static
deflection Ay, called load deflection, occurring under
this wheel load. Sometimes the deflection is referred to
tire height above rim edge instead of to tire width. . We

intentionally preferred the latter because it alone repre~
sents a typical value from the point of view of shock ab-
sorption. To characterize the height above the rim edge it
also requires the amount of maximum deflection A, , which
simnltaneously comprises the utlllzable elastic travel of
the tire. :

The choice of permissible load ‘deflection in airplane
tires is primarily contingent upon the following: moderate
kneading deformation of tire by smooth rolling over level
ground, ample clearance between rim and ground for rolling
over obstacles, and lastly, a certain accord between the
elastic properties of the tire and those of the landing gear
shoclz absorber. In addition to this, the impact factors by
definite energy absorption must be reconciled.

The permissible load deflection in automobile tires is
small, averaging A, = 0.15, althovgh originally it was
quite small in airplane tires also, (A, = 0.15.t0.0.2).

But in recent times it was consisterntly increased, while
the inflation pressure was reduced, until today it amounts
to A, = 0.3, or even more in some cases. The probable rea-
son for this is the gradual brealkaway from the typical auto-
mobile tire design, with the result that problems of knead-
ing deforrwation with respect to the demand for a soft elas-
tic adaptable tire were pushed in the background. An exam-
ple of tire deformation under different deflections is
given in Figure 22 for the 30" X 13" (762 X 330) low-pres-—
sure tire and the 810 X 125 high-pressure tire. When rid-
ing on the rim (A, = 0.72) the low-pressure tire manifests
a sharply defined fold in the casing. TFor full utilization
of the energy absorption of such a tire it is advised not

to lower the form ratio and the rim diameter to the extreme-
ly low figures shown for this tire.

The maximum deflection, so important for the reconcil-
jation of the tire with the landing gear shoclk absorber,
renged between h@ = 0.7 to 0.83 in the examined tires.

The lowest flguren velong to the tires with small form ra-
tio. HoOwever, this is not the general rLle, but rather the
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result of the.chosen rim dimensions. wa'ihen We“consider
the total energy absorption wup. to riding on the rim ag
available, the ratio of the then anpearlng maximum enerC'1r

%o the simple static wheel load yields the safe impact fac-

tor of the tire. The tests .conceded impact factor n =5
to 6 relative to a wheel 10ad corresponding to = 0.2
and n = 3 to 4 relative to a wheel load correnponglnb to

= 0.3. Admittedly it is desirable to have a higher im-
pact factor for the tire than for the shock absorber, to.
prevent the former from #iding on the rim before the snock
absorber attainsg to its. full absorptlon of energy. On the
other hand, an unduly high tire impact factor neither pre-
sents any advantage because it does not permit full utili-
zation of the tire volume. The conventional airplane shock
absorbers today have a safe impact factor ranging between:
2.5 and 3,5, so0 a tire impact factor of from 3 to 4 uhould
be just about sufficient, i.e. a load deflection of A,

0.3 and a maximum deflection Ao~>0.7 can be nsed as—EEEis
for the dimensioning of a standard tire series.

Local hitting of the rim, dreaded so miuch with automo-
bile tires need not be feared in the airplesne tire, even
with Ap = 0.3 provided wide widths are used for small tires
alsO'. :

3. INSTALLATION OF BRAKE

Of influence on the tire dimensions, and the rim diam-

'éter in particulér, is the guestion ‘as to whether the Dbrake

can be convenlently housed in the wheel. Determinative for
the dimension are the mechanical and the tnermal stresses’
OI the brake.

Mechanical stresses.- According to flight experiences
and measurements a brake decelerating force of around 30
per ceut of the gross weight of the airplane is amply suf-
ficient to .effect a short landing run and acceptable steer-
ing brakXe. (Reference 1. ) Thivs the braling force per
wheel 1s assumed at :

*

'Thié'formulé vYields according to the roll radius . of the

tire, ‘the braking torque to be supplied by the braking ar-
rangement of the wieel.
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Thermal stresses.- The thermal stress of the brake
lining can be expressed as the braking power per 1 cm? of
braking area. The maximum unit brake power is

Referring the brakefpowefAto the brake drum radius in-
stead of to the roll radius of the tire, yields as second
relation per unit brake power of the brake lining:

wiaerein |, = mean friction coefficient of bralke lining,
Vg = rubbing speed on brake drum and g = mean surface

pressure of lining. How high one may go in the choice of
unit brake power, depends on the cooling characteristics of
the brake, its location with respect to the tire and the
heat characteristics of the brake bands. With 1,300 X 300
cast elektron airplane wheels we obtained unit dPrake power
up to 45 mkg/s cm? (2,100 ft.lb/sec. sqg.in.) with standard
brake bands without excessive heat in brake wheel or damage
to brake lining. In contrast to that the braking areg of
the 20" X 13" (762 X 330) Goodyear low-pressure wheels was
so large that not even 10 mkg/s ecm?2 (466.6 ft.1b/sec. sq.in.)
could be reached in normally braked landings.

Verification on arbitrarily chosen tire dimensions as
to the possibility of housing the brake is limited to a
verification of the rim diameter, with certain premises for
brake drum width and utilization of brake drum area. The
braking area is expressed by the total enveloping surface
of the brake drum: :

Fb'='8 ™ DT bT

§ 1is a degree of utilization of the available brake drum
area. In two-shoe brakes for instance, & = 0.4 to 0.5,
and in three-shoe brakes § = 0.8 to 0.8. In addition,
bralke drum width bT is referred to the diameter, thus:

bp = €D,

In internal expandiang brakes € ordinarily amounts to
0.1 to 0.15. For the hub brake of thetested 30" X 13"
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(732 X 330) Goodyear low-pressure tire this figure was

"€ = 1.0. Writing the values-for F; in the equation for

unit brake power we finally obtain

Pp v
10.58 € Dp?®

N =

and for the brake drum diameter:

These equations are used in the following section, on
page 25 to estimate the brake drum diameter.

4. WEIGHT PROBLEMS

The most difficult factor involved when enlarging the
tire volume, is undoubtedly the minimum structural weight
of the wheel. Reduction in rim diameter permits the design
of a compact, s0lid wheel body. As concerns the tires it
is to be noted that any essential increase in volume is
followed by a much lower air pressure. This fact should be
considered in tire dimensions. The weight of the tire in
large volume tires is decisive for the weight of the whole
vheel, and it is urgently reguested that the designers of
airplane tires leave no stone unturned to produce a light
yet duravle tire series. TFatigue tests on light tires re-
veal the limit very readily. Any estimate of the weight
especially of small tires with large air volume should bear
in mind the saving on additional shock absorption attain-
able by correct utilizaiion of the elastic travel of the
tire. A comparison of wheel weights alone therefore re-
veals quite often a misleading picture.



PROPOSED STAWDARD TIRE SERIES WITH GRADED INFLATION PRESSURE FOR AIRPLANE WHEELS

TABLE III.
1 2 3 4 5 6 7 g
Tiro Sige ™ D70%220 650z250 760x260 B7Ox500  1000xZZ0 1150x540 1300xB50 1400360
ire 5128 in. 22x8.5 26x10  80x11  24x12  40x12.5  45¥13.5 5lxl4  55x14
Wheel load kg to 400 400-600 500-1000 1000-1600 1600-2400 2400-3500 3500-4700 4700-6000.
Inflation : ‘
oressure p, stm.to 0.65 0.5-0.8 0.6-1.1  0.§-1.5 1.35-2.0 1,7-2.5 2.2-3.0 2.8-3.6
Form ratio ® 2.6 2.6 2.7 2.9 3.1 3.4 3.7 3.9

Tlastic travel

under static
wheel load
fr :
Maximum elas-~
tic travel
i ;
Rim diameter -
Dp
Wwidth of rim
wall ©b!
Height of
tire bead h
Brake drum
diameter Dp .
Brake drum
width D
Unit brake
power N

kg x 2,20462 =

mm 66 75 84 90 96 102 105 108
mm 150 175 195 215 230 250 260 270
mm 190 215 275 245 420 515 640 710
mm 180 200 220 230 230 230 230 230
mm 22 23 24 26 28 29 30 32
m 150 175 220 280 330 420 500 570
mm 45 50 €0 70 75 75 80 90
kg 16 19 20 22 26 31 22 32
S Ccm
1b. mm x .03937 = in. mkg/s cm® x 46.6644 = ft.1b./sec.sq.in.
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'PROPOSED ¥EW TIRE SERIES FOR AIRPLANE WHEELS

Cn the basis of the foregoing we have worked up a pro-
posed new tire series .which, as standard series, is to com-
bine the ndventages of both the low-pressure and of the
h1bh pressure tlres.h Fmgure 23 shows the over-all dimen-'
sions of thls prop05ed standard series, along with the data
for tire cross section, .rim, and brake drum. The principal
dimcnsions along with other related data are ar rended 1n‘
Table 3.

A few explanations follow: The establishment of new
tire series .should be restricted to as few sizes as possi-
bple. . Eight .tires should he sufficient for the range of =
wheel loads existing in airplane de51gn. For small alr;
planes a still smaller tire is probale sultable. '

In setting up the series the fact was kept in mind

‘that the chief purpose of the tire is to overcome obstacles

on the ground. To this end an elastic travel of £, = 200
to 250 mm is recommended. Unfortunastely however, 1% is not
possible to attain to a minimum of 200 mm travel for' the
small airplzne, because it would mean unduly large tlre
volune with respect to the airplane size. For that ' reasen
the maximun elaotlc travel of tne smallest tire was put at
f,. = 150 mm.,

[

As form ratio @ e chose a stage between 2.6 for the
smallest .tire, and 3.9 for the largest. TFor very large
high-pressure tires a p = 4,nas Droved very accentable.

As lover 1limit ¢ = 2.2 has already been obtained, ™t ‘this
figure appears unduly ‘low from. the point of view of unfavor-
able tire deformations’ under large deflection and the very
small rim diameters. As minimum we chose @ ='2.6, because
rolling circle diameters still occur, which permlt safe
landing with. bursted tire, even in cases where the pilot 1is
ignorant of it. '

For the coordination of the wheel load a M. = 0.3
load deflection was chosen. (See:page 20,) The assumed
wheel logds, which permit a favorable coo:z *dination to the
usual gross weabnts of .modern airplanes, the form ratio @
and oeflectlon Arp '"1eld forthwvith the. gcrading of the ia-

. ner pressure D, oOn the basis of the analysis expounded in

section on page 9. It is adviseTle not to raise the pres-

. sure much above 3.5 atm. even for large wheels, in order to

avoid too much. ground pressure when the ground is soft. If
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_the ground is vefy soft, as on certain commercial air lines,
the design of oversize tires with low inflation pressures
for the same rims might be advisable.

The cited rim and bPrake drum dimensions are merely
aids for the estimation-pf_thé tire series without serving
as absolute prototype. The rim diameter was chosen on the
basis of the usual figures of today (see fig. 24) and spe-
cifically with a view to brake installation, but at the
same time small enough so that the mazimum possible tire
deTlection affords at least kg = 0,7, to insure full use
of the tire volume. '

The demands on the brake are high, because in spite of
the chosen large rim diameters the space for the brake drum
and mounting of the brale mechanism is very restricted. As
a result only such brakes come into question which permit
the use of tne greatest possible portion of the bralke drum
area. In order to facilitate the estimation of the bralzing
effect, we included in Table III the unit brake power of the
brslze linings for the chosen drum dimensions, which were
conputed for a rolling speed of 20 m/s by first full bral-
ing effect and a § = 0.7 degree of utilization of the brake
drum (corresponding approximately to a three-shoe brale).
The unit brake power with the small tire, whose wheel body
is especially small, and does not evacuate the heat readily,
begins with a low figure and rises to figures for large
tires which are well within control with light metal wheels.

The hubd dimensions in Figure 23 are merely intended to
malze the comparison of the tire series with the conventional
"high-pressure tires easier, and. should in no way be con-
strued as pattern for the design of wheel hubs. The hub
dimensions correspond to the conventional coordination of
today to the wheel load of German high-pressure wheels.

The grading of the proposed standard series becomes
readily manifest from Figures 25 and 26, while Figure 27
shows the maximum elastic travel of the propvosed series
along with several others. The 0ld high-pressure tires
vield a slightly curved rise in available elastic travel
under inecreasing wheel load. Thae more recently proposed
low—-pressure tire series with 0.5 to 1.5 atm. inflation
pressure admittedly proffer a decided improvement in tire
travel, but they leave untouched the very marked difference
in absolute elastic travel between small and large wheels,
which is in no wise justified for the rolling. The primary
purpose of the.tire is "cushioning in rolling" aand not
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"cushioning of landing shock." The energy of one single
severe landing shock can be better absorbed i.e., with
greater damping, much less expenditure of weight and air
resistance by a modern shock absorbing strut than is pos-
sible by a very large size tire. In accordance with this
it is attempted with the standard series to utilize the
‘advantages accruing from the low-pressure tire for small
airplanes, but by a gradual change in dimensions and cor-
responding grading of inflation pressure to attain to light,
large tires with relatively small air volume and low air
resistance.

PROSPECTS

It is impossible to bring all the tire gualities that
have some bearing on its practical use within exact mathe-
matical treatment. It was not the object of this work to
simply compute the best design shape. Compromises must be
made. The primary motive of this analysis of tire sizes
was rather to bring the discussion low-pressure versus high-
pressure tires to a uniform basis and to find a way tc
judge tires of any size for airplane wheels. It is hoped
that the questions touched upon here will stimulate dis-
cussion and comment. In particular, the experience of the
different countries that have been engaged in the develop-
ment of tire series for airplane wheels, should prove very
interesting. It would be very gratifying, indeed, if the
discussion would ultimately lead to an 1nternat10nal stan—~
dard for tire sizes and wheel hubs.

Translation by J. Vanier,
National Advisory Committee
for Aeronautics.
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Fig.16 Areas of contact in
load test corresponding

photograph 2 and 2' show to Pig.15; 1 to 5 for 30" x 13
obstacle setting for msximum wheel low-pressure tire and 1' to 5!
load increase. In 5 and 5! the obstacle for 810 x 125 high-pressure
is in the center position vertically tire. The maximum rise in wheel
below the wheel exle; see also the areas force does not lie with center
of contact marked 2 and 2' in Fig.l6 setting (5, 5') but rather with
belonglng to these tires. 2, 2' obstacle setting.

(30"x 13"= 762 X 330mm)

Pig.22 Deformation of 30" x 13"
. and 810 x 125 tires
under loading corresponding to
deflection
A=Apr =0,3 (a and a?)
A=0,5 (b and b!)
1 when riding on rim, 1l.e. when
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Fig.17 Rise in wheel force P/P when rolling over a 20 mm high obstacle,
assumlng the rolling is 1nf1nitely slow and elastic travel f =
constant is forced.
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'Fig.18 Rise in wheel force P/P0 when rolling over a 40 mm high obstacle,
assuming the rolling is infinitely slow and elastic travel f =
constant, is forced.
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Fig. 19 Maximum rise in wheel force Prox versus obstacle
height/tire width ratio. Py '
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Fig. 20 Elastic travel of conventional landing gears versus static
whesl load when using high pressure tires.
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Flg. 21 Quota of energy absorntion of tire on the total energy absorp-

tion of landing gear versus static wheel load. The maximum
elastic travel for tires and shock absorber corresponds to the middle
curves of Fig. 20.
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Fig.24 Conventional rim diamocters reforred to D
plotted against form ratio .
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Fig.25 Gradvation of tirc diameter and tire width
' of the proposed series plotted against
static wheel load Py.
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Fig.26 Graduation of form ratio ¢ and inflation
pressure of proposed tire series versus
static wheel load.
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